Introduction
Assessment of children based on their behavior is one of the most important skills for pediatric dentists (1, 2) . It is empirically well known that a patient who exhibits anxiety or fear of dental treatment will present a noncooperative attitude during treatment. Even if the dentist considers the anxiety or fear of the child during dental treatment, behavior management usually depends on the dentist's experience and subjective decisions. In some instances, treatment becomes difficult because of improper decisions by the dentist. To understand child behavior during dental treatment, emotions that generate the behaviors should be elucidated.
Previous clinical studies have documented anxiety and fear of dental treatment in children. For the evaluation of child behavior, the praxiological observation and recording of behavior have been used. Frankl et al. classified child behavior into four groups according to the child's attitude and cooperation or lack of cooperation during dental treatment (3) . However, this classification, known as the Frankl Behavior Rating Scale, does not provide definite items for observation. In contrast, Kurosu et al. proposed a classification of child behavior during dental treatment that does provide 37 detailed items for observation (4) . Despite this advantage, this classification, which is also well known in Japan as the Behavior Evaluation Scale (BES), does not allow for the easy observation of the 37 items in daily clinical practice.
Leventhal et al. documented that child behavior can be observed in facial expression during dental treatment and proposed classification criteria for observations of facial expression (5) . However, difficulties are also encountered during detailed observation of facial expression during dental treatment. Parkin et al. investigated the correlation between one total scale and 9 subscales, and concluded that 5 or 7 subscales were useful for observing child behavior (6) . As this evaluation used the visual analogue scale, calculation may be difficult. Principally, the relationship between each item and observed behavior, and Original structural relationships between each item were not fully clarified in the previous research. In the present study, the structural relationships of child behavior during a dental visit were explored using structural equation modeling (SEM). The SEM method is a comprehensive statistical approach to testing hypotheses about relationships between observed and latent variables developed for use in the behavioral and social sciences. In this respect, we adopted the commonly used Frankl Behavior Rating Scale and BES that contain clearly defined items for observation and investigated structural relationships of child behavior.
Materials and Methods

Study Populations
Patients were 33 children making their first visit to a dentist at the Department of Pediatric Dentistry of Tsurumi University Dental Hospital between July and October 2003. Of the 33 children, 14 were male and 19 female, with an age range of 3 -9 years (mean age, 4 years 8 month). None of the children had specific problems with anxiety or non-cooperation. Informed consent was obtained from the parents or guardians of all children.
Behavior evaluation
During the initial oral examinations, a video record of the examination was made for the evaluation of behavior of all children. The videos were evaluated by 6 pediatric dentists with more than 8 years of clinical experience. Evaluation scales for child behavior were the Frankl Behavior Rating Scale (Table1) and the BES (the latter being used with minor modification). Since some items included in the BES, such as tongue movement, could not be evaluated using the video, 8 of the 37 BES items were excluded from the evaluation. Each item of the Kurosu Behavior Evaluation Scale was translated from the original Japanese into English. These original English translations were verified by back translation performed by two independent translators.
Statistical Analysis
Cohen's Kappa was calculated for intra-examiner calibration of behavior evaluations. Modal data from the 6 examiners was used for the following analyses. First, Fisher's exact tests of two-way tables were conducted to investigate the relationship between the Frankl Behavior Rating Scale and each item of the BES. For the BES, maximum likelihood factor analysis was performed with varimax rotation to determine the correlations between observed variables and underlying latent variables. Factors with eigenvalues greater than 1.0 were extracted for inclusion in factor analysis. Initially, all items on the BES were included in the analysis. Following the analysis, items that showed factor loading of less than 0.4 were excluded and the analysis described above was repeated until all remaining items showed factor loading greater than 0.4. To investigate correlations between the latent variables constructed by the BES and their contribution to the Frankl Behavior Rating Scale, structural equation modeling (SEM) was implemented. For the evaluation of the fitness of data for the model, the goodness of fit index (GFI) and adjusted goodness of fit index (AGFI) were used. These analyses were carried out using SPSS version 12.0 and AMOS version 5.0 software (Tokyo, Japan).
Results
Our initial Cohen's Kappa evaluation of intra-examiner agreement produced Kappa values from 0.31 to 0.81. All further analysis used the median of the modal data from the six examiners.
Classification of child behavior based on the Frankl Behavior Rating Scale was as follows: 22 patients (66.7%) were classified as level 3, 5 patients (15.2%) were classified as levels 1 and 2, and 1 patient (3.1%) was classified as level 4. According to the BES, items that were dominant behaviors in more than 10% of the children were "Moving the hands"(30.3%), "Putting hands over the mouth" (24.2%), "Crying loudly"(21.2%), "Shaking the legs"(18.2%), "Moving the body left and right"(18.2 %), and "Moving the legs up and down" (15.2%). Among these items, 5 behaviors concerned the limbs. Some items of the BES could not be investigated for correlation between Acceptance of treatment; at times cautious, willingness to comply with the dentist, at times with reservation but patient follows the dentist's directions cooperatively.
Good rapport with the dentist, interested in the dental procedures, laughing and enjoying the situation.
the BES and the Frankl Behavior Rating Scale because none of the examiners reported observing the behaviors. In addition, none of the children exhibited any of the following behaviors: "Looking at the dental equipment", "Staring at the ceiling", "Looking at the fingertips of the dentist", "Nodding the head", and "Holding up the hands". Among these items, 4 behaviors were concerned with the eyes or the face.
Cross-tabulation analysis with Fisher's exact test was used to investigate the correlation between the BES and the Frankl Behavior Rating Scale. As shown in Table 2 , of the 29 items on the BES, only 8 items had a statistically significant correlation with the Frankl Behavior Rating Scale. Among them, 5 items were concerned with the limbs. No items concerned with the eyes or facial expression showed statistically significant correlation with the Frankl Behavior Rating scale.
Subsequently, factor analysis was carried out to investigate the correlations between BES items. Following repeated factor analysis as described in the Materials and Methods section, we obtained the loading matrix shown in Table 3 . The following 3 factors were extracted: Factor 1, escape (5 of 6 items concern the limbs); Factor 2, selfdefense (3 items concern body movement); and Factor 3, facial expression (2 items concern facial expression). All items showing significant correlation with the Frankl Behavior Rating Scale were included in the 3 extracted factors.
Finally, SEM was carried out to explore the structural relationship between BES items and their correlation with the Frankl Behavior Rating Scale. The path diagram shown in Fig. 1 indicates a possible model of structural relationship with the children's behavior. The GFI and AGFI fitness indexes were 0.771 and 0.603, respectively. Regression weights from the 3 latent variables to the Frankl were 0.21 for Factor 1, 0.33 for Factor 2, and 0.38 for Factor 3. Factor 3, facial expression, had the strongest correlations with the Frankl Behavior Rating Scale.
Discussion
Many studies have investigated the emotional stress, including fear and anxiety, of children undergoing dental treatment. These studies have been classified mainly into three groups: psychological evaluation (7-9), behavioral evaluation (10, 11) , and physiological evaluation (12) (13) (14) (15) . Of these approaches, behavioral evaluation may be the most practical for clinical use since the psychological evaluation of children is difficult, and special devices such as pulse oximetery are required for physiological evaluation. In terms of behavioral evaluation, various scales have been developed, such as the Frankl Behavior Rating Scale (3), the behavior evaluation score developed by Kurosu (4), the Simple and Complex Scale (6), and scales proposed by Leventhal (5) and Weinstein (16) ; however, none of these scales are used in the daily clinical practice of pediatric dentistry. Furthermore, the structural relationships between these items are not clearly understood.
In the present study, the most frequent classification of behavior based on the Frankl Behavior Rating Scale was level 3, followed by levels 1, 2 and 4. This result was almost identical to other research (11) . However, Tanabe et al. reported that level 3 was the most frequent classification, followed by levels 4, 1 and 2 (17) . However, possible confounding variables in the Tanabe et al study include the age range of the children (5 to 12 years) and the clinical setting (a regular check-up).
Observations based on the BES frequently indicated behaviors concerned with the children's limbs. Our study population was younger than that of other studies, thus the subjects could not sufficiently self-regulate the expression of their emotions. In contrast, some items such as "Looking at the dental equipment", "Staring at the ceiling", "Looking at the fingertips of the dentist", "Nodding the head", and "Holding up the hands" were not observed for any child. This may be because younger children cannot stabilize their gaze, indicating that these items may not be useful for assessing younger children in clinical settings.
While SEM was developed for use in the behavioral and social sciences, some researchers have used this method in the dental field (18, 19) . Data on a behavior science application of SEM in a clinical setting has only been published in one previous report, which proposed structural relationships between dental anxiety and mood in the adult population (20) . However, it would seem that no report has considered structural relationships in regards to the behavior of children undergoing dental treatment. Leventhal et al. showed that facial expression is easily affected by dental treatment (5) . In addition, the regression weight from Factor 3 (facial expression) in the present study showed the strongest correlation to the Frankl Behavior Rating Scale. This result was consistent with the result proposed by Leventhal et al. (5) .
In conclusion, this explorative study indicated a structural relationship in the behavior of children experiencing dental treatment. Furthermore, we presented the three main latent variables for the behavior of the children: escape, selfdefense, and facial expression. Observation of these latent variables in child behavior may be useful for clinical practice. However, further study is needed to confirm this model with children of different ages, using a larger sample size. 4) . The English expressions of the each item were our original translation, but the expressions were confirmed by the translation into English and followed by back translation into Japanese by two independent translators. 
